In several studies, suppressed Digit Span performance has been proposed as a potential marker for deliberately poor performance in a neuropsychological evaluation. The purpose of this study was to document Digit Span performance patterns in the Wechsler Adult Intelligence Scale-Third Edition (WAIS-III; Wechsler, 1997) standardization sample and selected clinical groups. Base rate tables were generated for the Digit Span scaled score, longest span forward, longest span backward, and the Vocabulary-Digit Span difference score. Cut-off scores for suspecting negative response bias were proposed, and clinical case examples were used to illustrate these scores.
Introduction
It has been demonstrated repeatedly that persons who are faking memory problems, or who are presumed to be exaggerating, often suppress their performance on the Digit Span subtest of the Wechsler Adult Intelligence Scale-Revised (WAIS-R; Wechsler, 1981) or the Wechsler Memory Scale-Revised (WMS-R; Wechsler, 1987) . In an early study, Bernard (1990) demonstrated that analog malingering subjects reduced their performance on this test. Binder and Willis (1991) reported suppressed Digit Span performance in a group of patients with mild head injuries who were involved in litigation and who were identified as providing negatively biased responding on the Portland Digit Recognition Test, a forced-choice digit recognition procedure. Trueblood (1994) also reported suppressed Digit Span performance in a clinical sample of suspected malingerers.
In two experimental malingering studies (Iverson & Franzen, 1994 , undergraduates, Federal prison inmates, and psychiatric inpatients were instructed to fake memory problems within the context of personal injury litigation. The subjects who were instructed to malinger performed more poorly than patients with acquired brain damage and documented memory impairment. Cut-off scores for suspecting malingering were provided for the greatest number of digits recalled forward or backward (i.e., the maximum span), and for the age-corrected scaled score (Iverson & Franzen, 1994 . Age-corrected scaled scores lower than 5 (Greiffenstein, Baker, & Gola, 1994) or 4 (Iverson & Franzen, 1996) have been reported as suspicious for biased responding.
Mittenberg and colleagues discovered that the suppressed Digit Span performance relative to Vocabulary subtest performance on the WAIS-R could be used as a suspicion index for biased responding. Nonlitigating patients with head injuries (N = 67) were compared to matched community control subjects who were given instructions to malinger within the context of personal injury litigation. Large Vocabulary-Digit Span difference scores were rare in the patients with brain injuries, yet relatively common in the analog malingerers (Mittenberg, Theroux-Fichera, Zielinski, & Heilbronner, 1995) . Millis, Ross, and Ricker (1998) reported an overall correct classification rate of 79% when using the Vocabulary-Digit Span difference score to classify nonlitigating patients with moderate or severe traumatic brain injuries and litigating patients with mild head injuries who were believed to be providing nonoptimal effort.
Very poor performance on Digit Span is relatively uncommon in patients with numerous different types of damage to the structure or function of their brains. Although it is possible to show poor performance on Digit Span following brain impairment, it has been demonstrated over the past four decades that many severely memory-impaired Korsakoff, encephalitic, and surgical patients obtain Digit Span scores in the grossly normal range (Baddeley & Warrington, 1970; Cermak & Butters, 1972 Drachman & Arbit, 1966; Warrington & Weiskrantz, 1973) . Historically, Miller (1956) defined the normal range for Digit Span forward as a maximum span of 7 ± 2 digits. As will be shown in this article, this estimate is reasonably accurate, although the range is too broad. Patients with memory impairment often perform toward the lower end of the distribution (i.e., five to six digits). Black (1986) studied a sample of 162 patients with brain lesions resulting from numerous etiologies and reported a mean Digit Span forward of 5.9 (S.D. = 1.4) and a mean Digit Span backward of 4.0 (S.D. = 1.3).
As a marker for biased responding, it is presumed that potential malingerers may not realize that Digit Span abilities often are relatively preserved in patients with brain impairment. Therefore, severely deficient performance may be indicative of exaggeration, especially when this performance is obtained from an individual with a mild head injury. The purpose of this study is to document WAIS-III Digit Span performance patterns in the standardization sample and in selected clinical groups. These tables can then be used for interpreting unusual Digit Span performances from persons involved in litigation.
Method

Participants
The WAIS-III standardization sample and several of the clinical groups presented in the Technical Manual (Psychological Corporation, 1997) were included in this study. The interested reader is referred to this manual for full descriptions of the standardization and clinical samples. The nationally stratified standardization sample consisted of 2,450 subjects divided into 13 age groups. Each age group contained 200 participants with the exception of the two oldest age groups, 80.84 (n = 150) and 85.89 (n = 100). There were an equal number of male and female participants between the ages of 16 and 64; the older age groups consisted of more women then men.
Several of the clinical groups presented in the Technical Manual (Psychological Corporation, 1997) were included in this study. These groups included patients with: (a) traumatic brain injuries (n = 22), (b) chronic alcohol abuse problems (n = 33), (c) Korsakoff's syndrome (n = 12), (d) left temporal lobectomies for intractable epilepsy (n = 24), (e) right temporal lobectomies for intractable epilepsy (n = 16), and (f) Alzheimer's disease (n = 38). The inclusion/exclusion criteria are presented in Appendix E of the WAIS-III. WMS-III Technical Manual (Psychological Corporation, 1997). The sample sizes are different in this study compared to the Technical Manual because all available subjects were used if they completed the Digit Span subtest, whereas in the Technical Manual subjects were dropped due to missing data.
Results
Cumulative percentages of low Digit Span scaled scores in the general population are presented in Table 1 . Scaled scores of 4 or less are rare in the standardization sample, occurring in less than 2% of subjects between the ages of 16 and 89. Since the WAIS-III scaled scores are age-corrected, there is no relationship between the Digit Span scaled scores and age. Nevertheless, separate data were presented for more precise comparisons with young people because they are at greater risk for sustaining a head injury. As seen in Table 1 , there are very small differences between the base rates of low scores in young people versus the entire standardization sample. Precise estimates of low frequency occurrences allow more accurate comparisons of individual patients in clinical practice.
Cumulative percentages for the longest Digit Span forward and backward are presented in Table 2 . There were significant, yet small, negative correlations between age and longest span forward (r = −.22) and longest span backward (r = −.21). Therefore, the longest span data were presented by age.
Cumulative percentages of Vocabulary-Digit Span difference scores are presented in Table 3 . Although there was no association between age and the difference scores (r = .015), results were presented separately for young people to allow for precise comparisons. Difference scores of 5 or more were rare in the standardization sample, occurring in less than 5% of the population. The Digit Span performances of the clinical groups are presented in Tables 4-6 . Cumulative percentages of low Digit Span scaled scores in the clinical groups are presented in Table 4 . Scaled scores below 6 were rare in the clinical subjects, occurring in less than 4% of the combined clinical sample. Cumulative percentages for the longest span forward and backward are presented in Table 5 . The cumulative percentages of the Vocabulary-Digit Span difference scores are presented in Table 6 . A mixed clinical sample was formed by combining data from several of the clinical groups (i.e., Alzheimer's, alcohol abuse, Korsakoff's, traumatic brain injury, and right and left temporal lobectomy). The combined sample (N = 123) had a mean age of 55.0 years (S.D. = 17.7). More than half were male (64%), 89% were Caucasian and 8.9% were African American, and 44% had at least 12 years of education (76% had 15 years or less education). The mixed clinical sample was compared to a demographically similar group from the standardization sample (N = 105). The average age of the control subjects was 54.0 years (S.D. = 18.5), 54% were male, 88% were Caucasian and 10.5% were African American, and 44% had at least 12 years of education (75% had 15 years or less education). Descriptive statistics and mean comparisons for these two groups are presented in Table 7 . The groups did not differ on the three Digit Span variables or on the Vocabulary-Digit Span difference score.
Discussion
Previous researchers have demonstrated that persons instructed to malinger, or patients suspected of biased responding, often perform poorly on Digit Span. That was the rationale for carefully examining Digit Span performance on the WAIS-III. Base rate data for scaled scores, longest span forward and backward, and the Vocabulary-Digit Span difference score were provided for the standardization sample and for several clinical groups. Careful examination of these tables allows the clinician to determine if the Digit Span performance obtained from a specific patient is rare or unusual as compared to known groups.
Based on the present results, the following guidelines are suggested for suspecting the possibility of negative response bias in an individual patient: (a) scaled score of 5, 4, or less; (b) longest span forward of 4 or less (for persons under age 55); (c) longest span backward of 2 or less; or (d) Vocabulary-Digit Span difference score of 5 or 6 (or greater). These suspicion indices are based on base rates in the general population and in the clinical groups that occur, for the most part, in approximately 5% or less of the subjects.
It would be a mistake for clinicians to rely on Digit Span as their primary method for identifying biased responding. Although the specificity of the above mentioned cut-off scores is high, the sensitivity is believed to be moderate, at best. Therefore, many individuals who are exaggerating their deficits will not be identified by unusual performance patterns on this test. For example, a 25-year-old man was seen within the context of head injury litigation 2 years following a motor vehicle accident. His Glasgow Coma Scale score was 15 at the scene. He had suspected loss of consciousness for a few seconds, but no significant post-injury confusion or post-traumatic amnesia. On the WAIS-III, he obtained a Full Scale IQ of 106. Digit Span was his lowest scaled score (6), and his Vocabulary-Digit Span difference score was 4. However, on the Word Memory Test (Green, Allen, & Astner, 1996; Green, Iverson, & Allen, 1999; Iverson, Green, & Gervais, 1999) , the man scored 62.5% on Immediate Recall, 55% on Delayed Recall, and 67.5% on the Consistency Index. These scores are several standard deviations below the scores obtained by patients with traumatic brain injuries, yet completely consistent with scores obtained by experimental malingerers. Thus, exaggeration was detected on this well-validated symptom validity test, but not detected based on Digit Span performance.
Of course, clinicians are cautioned to not dismiss or over-interpret low Digit Span scores. In a head injury litigation case where a man sustained an apparent trivial head injury, the plaintiff-hired psychologist described a Digit Span scaled score of 4 as revealing "marked difficulties with auditory attention and concentration." No tests designed to detect biased responding were given. The defense psychologist administered the Victoria Symptom Validity Test (Slick, Hopp, Strauss, & Thompson, 1997) , and the patient obtained 22/24 easy items, 9/24 hard items, and 31/48 total. The hard items score and total score were highly suspicious for deliberate exaggeration. On the Test of Memory Malingering (Tombaugh, 1997), the patient scored 23/50 on Trial 1, 24/50 on Trial 2, and 27/50 on Retention. These scores are perfectly consistent with the performances of experimental malingerers on this test (Tombaugh, 1997). Thus, under most circumstances, very low Digit Span scores do not make biological or psychometric sense. In general, low scores should serve as a "red flag" for possible suboptimal effort.
It is important to note that the data obtained from the clinical groups in the present study are based on very small sample sizes. Replication of these base rates on larger samples, with possible revision of the suspicion indices, is recommended. Moreover, more relevant and essential comparison groups are needed. Specifically, WAIS-III data should be collected on (a) a large sample of litigating patients with traumatic brain injuries, (b) a large sample of patients with traumatic brain injuries who are not involved in litigation, (c) persons involved in litigation who are identified as exaggerating their problems based on measures other than the WAIS-III, and (d) analog malingerers.
